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Abstract
Very recently, two hidden-charmed resonances Pc(4380) and Pc(4450) consistent with pentaquark states were observed at
the LHCb detector. The two Pc states locate just below the ¯DΣ∗c and ¯D∗Σc thresholds with mass of gaps about 5 and 15 MeV,
respectively. Inspired by this fact we perform a dynamical investigation about the ¯DΣ∗c(2520) and ¯D∗Σc(2455) interactions which
are described by the meson exchanges. A bound state which carries spin-parity JP = 3/2− is produced from the ¯DΣ∗c(2520)
interaction, which is consistent with the Pc(4380) observed at the LHCb detector. From the D∗Σc(2455) interaction, a bound state
with 5/2+ is produced, which can be related to the Pc(4450). The results suggest that the Pc(4380) and Pc(4450) are good candidates
of ¯DΣ∗c(2520) and ¯D∗Σc(2455) molecular states, respectively.
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1. Introduction
It is a long story to search for the pentaquark. In the con-
ventional quark model, a baryon is made of three constituent
quarks. However, there exist many interpretations of baryon
resonance beyond the three-quark picture. For example, the hy-
peron resonanceΛ(1405) was explained as a N ¯K bound state by
many authors [1, 2, 3, 4]. The last rise and fall of the pentaquark
study happened ten years ago beginning with a claim of finding
of the strange pentaquarkΘ with mass about 1.540 GeV by the
LEPS Collaboration [5]. Much theoretical and experimental ef-
fort was put into this field and many ideas were inspired. For
example, Zou et al. proposed to include the pentaquark com-
ponents to nucleon [6]. After extending to heavy flavor sector
they suggested the existence of hidden charmed nucleon res-
onances [7, 8] and the discovery potential in experiment was
also discussed [9, 10]. Recently, the molecular state composed
of a charmed meson and a nucleon was discussed in the one-
boson-exchange model (OBE) [11, 12, 13, 14]. Especially, the
possible hidden-charm molecular baryons with the components
of an anti-charmed meson and a charmed baryon were investi-
gated systematically in Ref. [15].
Two hidden-charm resonances in the J/ψp invariant mass
spectrum were reported very recently by the LHCb Collabora-
tion [16]. The lower one has a mass 4380 ± 8 ± 29 MeV and a
wider width of 205 ± 18 ± 86 MeV, while the higher and nar-
rower one has a mass of 4449.8± 1.7± 2.5 MeV and a width of
39± 5± 19 MeV. The preferred JP assignments are of opposite
parity, with one state having spin 3/2 and the other 5/2. The
high mass and observation in the J/ψp channel suggest that
these two states must have minimal quark content of cc¯uud,
which can be called pentaquark-charmonium states.
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Soon after the experimental results released, a QCD sum
rule investigation was performed, by which the the Pc(4380)
and Pc(4450) were identified as exotic hidden-charm pentaquarks
composed of an anti-charmed meson and a charmed baryon
[17]. An interpretation of the Pc(4380) and Pc(4450) as S -wave
¯D∗Σc(2455) and ¯D∗Σ∗c(2520) molecular states were proposed in
Ref. [18]. A coupled-channel calculation was performed to an-
alyze the Λb → J/ψK−p reaction and supported a JP = 3/2−
assignment to Pc(4450) as a molecular state mostly made of
¯D∗Σc and ¯D∗Σ∗c [19].
An important feather of these two states is that the Pc(4380)
and Pc(4450) are very close to the ¯DΣ∗c(2520) and ¯D∗Σc(2455)
thresholds with mass gaps about 5 MeV and 15 MeV , respec-
tively. Considered the hadronic molecular stats is a loosely
bound state, it is more natural to interpret the Pc(4380) and
Pc(4450) as bound states composed of ¯DΣ∗c(2520) and ¯D∗Σc(2455)
instead of ¯D∗Σc(2455) and ¯D∗Σc(2520) because mass gaps be-
tween observed masses and corresponding thresholds are about
80 MeV. Besides, we should not be limited to S wave which
provides only negative parity state. It conflicts with the LHCb
experiment which suggests the opposite parities for two Pc states.
In this work the ¯DΣ∗c and ¯D∗Σc ( numbers for mass 2520 and
2455 are omitted here and hereafter) interactions will be studied
in a Bethe-Salpeter equation approach [20, 21] and the bound
states with both positive and negative parities will be searched.
This work is organized as follows. After introduction, the
detail of the dynamical study of ¯DΣ∗c, ¯D∗Σc and ¯D∗Σ∗c interac-
tions will be presented, which includes relevant effective La-
grangian and a detailed derivation of effective potential. The
numerical results are given in Section 3. Finally, a brief sum-
mary will be given.
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2. ¯DΣ∗c, ¯D∗Σc and ¯D∗Σ
∗
c interactions
In this work the interactions between anti-charmed meson
and charmed baryon will be described by the light meson ex-
changes. We need to construct effective Lagrangians depict-
ing the couplings of light mesons and anti-charmed mesons or
charmed baryons.
In terms of heavy quark limit and chiral symmetry, the cou-
plings of light mesons to heavy-light charmed mesons ˜P =
( ¯D0, D−, D−s ) are constructed as [22, 23, 24, 25],
L
˜P ˜PV =
βgV√
2
˜P†a
←→
∂ µ ˜PbVµab,
L
˜P ˜Pσ = −2gsmP ˜Pb ˜P†bσ,
L
˜P∗ ˜P∗P = −
g
fπ εαβλκ
˜P∗β†a
←→
∂ α ˜P∗κb ∂λPab,
L
˜P∗ ˜P∗V = −i
βgV√
2
˜P∗†µa
←→
∂ ν ˜P∗bµVabν
−i2
√
2mP∗λgV ˜P∗µ†a ˜P∗νb (∂µVν − ∂νVµ)ab,
L
˜P∗ ˜P∗σ = 2gsmP∗ ˜P∗b · ˜P∗†b σ, (1)
where constant fπ = 132 MeV and P andV are the pseudoscalar
and vector matrices
P =

1√
2
π0 + η√
6
π+ K+
π− − 1√
2
π0 + η√
6
K0
K− ¯K0 − 2η√
6
 ,
V =

ρ0√
2
+ ω√
2
ρ+ K∗+
ρ− − ρ0√
2
+ ω√
2
K∗0
K∗− ¯K∗0 φ
 . (2)
The effective Lagrangians depicting the charmed baryons
with the light mesons with chiral symmetry, heavy quark limit
and hidden local symmetry read [23, 26],
LB6B6P = −
g1
4 fπ ǫ
αβλκ〈 ¯B6
←→
∂ κγαγλ∂βP B6〉,
LB6B6V = −i
βS gV
2
√
2
〈 ¯B6
←→
∂ · V B6〉
− imB6λS gV
3
√
2
〈 ¯B6γµγν(∂µVν − ∂νVµ)B6〉,
LB6B6σ = −ℓS mB6〈 ¯B6 σ B6〉,
LB∗6B∗6P =
−3g1
4 fπ ǫ
αβλκ〈 ¯B∗6α
←→
∂ κ∂βP B∗6λ〉,
LB∗6B∗6V = i
βS gV
2
√
2
〈 ¯B∗µ6
←→
∂ · VB∗6µ〉
+
imB∗6λS gV√
2
〈 ¯B∗µ6 (∂µVν − ∂νVµ)B∗6ν〉,
LB∗6B∗6σ = ℓS mB∗6〈 ¯B∗6 σ B∗6〉, (3)
where the partial
←→
∂ operates on the initial and final baryons
and B6 matrix is
B6 =

Σ++c
1√
2
Σ+c
1√
2
Ξ′+c
1√
2
Σ+c Σ
0
c
1√
2
Ξ′0c
1√
2
Ξ′+c
1√
2
Ξ′0c Ω
0
c
 . (4)
We list the values of the coupling constants used in the
above Lagrangians in Table. 1, which have been determined
in literatures [26, 27, 28]. The signs of the coupling constants
g, β/λ and gs are not well constrained, which will be discussed
later.
Table 1: The parameters and coupling constants adopted in our calculation [26,
27, 28]. The λ and λS are in the unit of GeV−1. Others are in the unit of 1.
β g gV λ gS βS ℓS g1 λS
0.9 0.59 5.8 0.56 0.76 1.74 6.2 0.94 3.31
With above Lagrangians, the potential kernels for the ¯DΣ∗c
interactions from vector and scalar meson exchanges can be
written as,
V
¯DΣ∗c ,V = i
βg2V
2
[
βS
2
(k2 + k2) · (k1 + k′1) ¯Σ∗c · Σ∗c
− mΣ∗cλS ( ¯Σ∗ · qΣ∗c · (k1 + k′1)
− ¯Σ∗c · (k1 + k′1) Σ∗c · q
]
PV(q2),
V
¯DΣ∗c ,σ = i2ℓS gsmDmΣ∗cΣ
∗
c · Σ∗Pσ(q2). (5)
The potential kernels for the ¯D∗Σc interactions from pseudoscalar,
vector and meson exchanges are,
V
¯D∗Σc ,P = i
gg1
4 f 2π
ǫαβλκ ¯D∗β†(k1 + k′1)α ¯D∗κqλ ǫα
′β′λ′κ′
· (k2 + k′2)κ′qβ′ ¯Σc γα′γλ′ Σc PV(q2),
V
¯D∗Σc,V = ig
2
V
{ββS
4
(k1 + k′1) · (k2 + k′2) ¯D∗† · ¯D∗ ¯ΣcΣ
− mΣcβλS6 [q
µ(k1 + k′1)ν − qν(k1 + k′1)µ]
· ¯ΣcγµγνΣc ¯D∗† · ¯D∗ + λβS mD∗
· [qµ(k1 + k′1)ν − qν(k1 + k′1)µ] ¯Dµ† ¯D∗ν ¯ΣcΣc
− 2mΣcmD∗λλS3
¯Σc[γ · q(qµγν − qνγµ)
− (qµγν − qνγµ)γ · q]Σc ¯D†µ ¯D∗ν
}
PV(q2),
V
¯D∗Σ∗c ,σ = i2gsℓS mD∗mΣ∗c ¯ΣcΣc ¯D
∗† · ¯D∗Pσ(q2). (6)
The potential kernels for the ¯D∗Σ∗c interactions read,
V
¯D∗Σ∗c ,P = −i
3gg1
4 f 2π
ǫαβλκ ¯D∗†
β
(k1 + k′1)α ¯D∗κqλ
· ǫα′β′λ′κ′ (k2 + k′2)κ′qβ′ ¯Σ∗cα′Σ∗cλ′ PP(q2),
VD∗Σ∗c ,V = ig2V
{
− ββS
4
(k1 + k′1) · (k2 + k′2)
· ˜D∗† · ˜D∗ ¯Σ∗c · Σ∗c + 2mΣ∗c mD∗λλS
· [ ¯D∗† · q( ¯Σ∗c · qΣ∗c · ¯D∗ − ¯Σ∗c · ¯D∗Σ∗c · q)
− ¯D∗ · q( ¯Σ∗c · qΣ∗c · ¯D∗† − ¯Σ∗c · D∗†Σ∗c · q)]
+
mΣ∗cβλS
2
[qµ(k1 + k′1)ν − qν(k1 + k′1)µ]
· ¯D∗† · ¯D∗ ¯Σ∗cµΣ∗cν − λβS mP∗ [qµ(k1 + k′1)ν
− qν(k1 + k′1)µ] ¯Dµ† ¯D∗ν ¯Σ∗c · Σ∗c
}
PV(q2),
V
¯D∗Σ∗c ,σ = −i2gsℓS m ¯D∗mΣ∗c ¯Σ∗c · Σ∗c ¯D∗† · ¯D∗Pσ(q2). (7)
2
Here ¯D∗, Σc andΣ∗c mean the polarized vector, spinor and Rarita-
Schwinger vector-spinor for ¯D∗ meson, and Σc and Σ∗c baryon.
The k1,2 and k′1,2 are the momenta for the initial and final parti-
cles with particles 1 and 2 being the anti-charmed meson and
charmed baryon. The exchange momentum q is defined as
q = k′2 − k2. The P(q2) functions for the propagator of the
exchanged meson read,
PP(q2) =
 −1q2 − m2π +
1
6
1
q2 − m2η
 ,
PV(q2) =
 −1q2 − m2ρ −
1
2
1
q2 − m2ω
 ,
Pσ(q2) = 1q2 − m2σ
. (8)
In our previous work [20], the J/ψ exchange was included for
the DD∗ interaction because of the OZI suppression of light
meson exchange. In this work, there does not exist such OZI
suppression, so we assume the light meson is dominant with an
argument that the exchange from a heavy-mass meson should
be suppressed. Besides, the coupled-channel effect is assumed
to be small as usual OBE model [15, 17].
In this work we will adopt a Bethe-Saltpeter approach with
a spectator quasipotential approximation, which was explained
explicitly in the appendices of Ref. [20], to search the possi-
ble bound states related to the Pc states. The bound state (or
resonance) from the interaction corresponds to the pole of the
scattering amplitude M which is described by potential kernel
obtained in the above. The Bethe-Saltpeter equation for partial-
wave amplitude with fixed spin-parity JP reads [20],
MJPλ′λ(p′, p) = VJ
P
λ′,λ(p′, p) +
∑
λ′′
∫
p′′2dp′′
(2π)3
· VJPλ′λ′′ (p′, p′′)G0(p′′)MJ
P
λ′′λ(p′′, p). (9)
Note that the sum extends only over nonnegative helicity λ′′.
The partial wave potential is defined as
VJPλ′λ(p′, p) = 2π
∫
d cos θ [dJλλ′(θ)Vλ′λ(p′, p)
+ ηdJ−λλ′(θ)Vλ′−λ(p′, p)], (10)
where the initial and final relative momenta are chosen as p =
(0, 0, p) and p′ = (p′ sin θ, 0, p′ cos θ) with p(′) = |p(′)|. The
dJ
λλ′(θ) is the Wigner d-matrix. We would like to note that the
partial wave decomposition here is done into the quantum num-
ber JP instead of usual orbital angular momentum L so that all
partial waves based on L related to a certain JP considered are
included. It is an advantage of our method because the experi-
ment result is usually provided with spin parity JP.
In this work we will adopt an exponential regularization by
introducing a form factor in the propagator as
G0(p) → G0(p)
[
e−(k
2
1−m21)2/Λ4
]2
, (11)
with k1 and m1 being the momentum and mass of the charmed
meson. The interested reader is referred to Ref. [20] for further
information about the regularization. A form factor is intro-
duced to compensate the off-shell effect of exchange meson as
f (q2) = ( Λ2
Λ2−q2 )4. Considered the similar roles played by two
cut offs, the same value for two cut offs will be adopted for
simplification.
3. Numerical results
After transforming the integral equation to a matrix equa-
tion, the pole of scattering amplitude M can be searched by
variation of z to satisfy |1 − V(z)G(z)| = 0 with z = M + iΓ/2
equaling to the system energy M at the real axis [20]. In this
work, we will vary the cut off Λ from 0.5 to 5 GeV to search for
the poles which correspond to the bound states or resonances
from the interactions. For the sake of completeness, the depen-
dence of the system energy M on Λ under different combina-
tions of the signs of the coupling constants g, β/λ and gs will
be presented. In this work, only states with half isospin,which
are related to the Pc state observed at LHCb, will be considered.
3.1. Bound states from the ¯DΣ∗c interaction
First, we consider the ¯DΣ∗c interaction which threshold is a
little above the lower Pc observed in LHCb. Here the total spin-
parity JP = 3/2± is considered and only states with mass larger
than 4.32 GeV are presented in Fig. 1.
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Figure 1: The cut off Λ dependence of the mass M of the ¯DΣ∗c system with
different spin parities JP . The solid line and band are for the experimental mass
and the uncertainty of the Pc(4380). The dashed line is for the ¯DΣ∗c threshold.
Here, +/− in ”±±±” denotes that we need to multiply the corresponding sigma,
vector and pion exchange potentials by an extra factor, +1/-1, which comes
from the changes of the signs of the coupling constants.
A bound state is found at cut off about 1 GeV for the case
with quantum number 3/2−, which is the suggested spin parity
of the Pc(4380). The bound state appears near threshold at cut
of about 0.7 GeV and the total mass of the system decreases
with increase of the cut off and reaches the experimental cen-
tral value of the Pc(4380) mass at cut off about 1 GeV. Although
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the dependence of results on the cut off is weaker than the non-
relativistic OBE model [15, 17], the results here are still sen-
sitive to the cut off, which is inherited from the non-relativistic
OBE model. It may suggest that there is still something defi-
cient in the current model, which is absorbed in the free param-
eter, cut off Λ.
For the case with 3/2+, no bound state below the threshold
can be found while a resonance appears at cut off about 3 GeV
and approaches to the threshold slowly with increase of cut off.
Its mass is above the threshold but still within the experimental
uncertainty. Except the sign combinations + + + and + + −, no
poles are found with cut off in a range of form 0.5 to 5 GeV.
3.2. Bound states from the ¯D∗Σc interaction
The second Pc observed at LHCb locates just below the
¯D∗Σc threshold with a mass gap about 15 MeV. So it is natu-
ral to relate the Pc(4450) to the ¯D∗Σc interaction. In the upper
figure of Fig. 2, the Λ dependence of the bound states from the
¯D∗Σc interaction with 5/2 are presented. The poles can be pro-
duced only with the sign combination + + +. The bound states
appears at cut off about 2.6 GeV and then the system masses
decrease to about 4.42 GeV at 3.0 and 3.2 GeV for positive and
negative parities, respectively. The masses of the bound states
reach 4.45 GeV at cut off about 2.8 GeV.
In Ref. [18], the Pc(4380) was interpreted as a ¯D∗Σc molec-
ular state with a binding energy about 80 GeV. Here the results
with 3/2 is also presented for completeness in the lower figure
of Fig. 2 and compared with the LHCb experiment . A bound
state with 3/2− can be found at cut off about 2.4 GeV and the
mass decreases to the experimental value with increase of cut
off and reach 4.38 GeV at cut off about 3.5 GeV. A bound state
near threshold can be found at cut off about 1.5 GeV with a pos-
itive parity. With sign combinations [− + +], [++-] and [-+-],
bound states are also produced from the ¯D∗Σc interaction.
3.3. Bound states from the ¯D∗Σ∗c interaction
Through the ¯D∗Σ∗c threshold is higher than the Pc(4450)
about 70 MeV, the results are presented for completeness. The
results with J = 5/2 are presented in Fig 3.3 and compared with
the experimental mass of the Pc(4450).
Bound states with both positive and negative parities are
produced from the ¯D∗Σ∗c interaction. At cut off about 2 GeV,
a bound state with the experimental mass of Pc(4450) can be
found with positive parities. However, for negative parity, the
pole disappears before the mass reach the experimental value.
With sign combination [− + +], bound states for both parities
are found.
The importance of the vector meson exchanges can be seen
obviously from the results under different sign combinations.
All poles are found with the sign assignment for vector meson
exchange is +. Since the two experimental observed Pc states
can be reproduced simultaneously only with sign combination
[+ + +], all discussions below will be based on this sign com-
bination. Such sign combination is consistent with the SU(4)
Lagrangians [29].
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Figure 2: The cut off Λ dependence of the mass M of the ¯D∗Σc system with
different spin parities JP. The upper and lower figures are for spins J = 3/2
and 5/2, respectively. The solid line and band are for the experimental mass and
the uncertainty of the Pc(4450) (upper figure) or the Pc(4380) (lower figure).
The dashed line is for the ¯D∗Σc threshold. The sign combination [± ± ±] is the
same as in Fig. 1.
3.4. Identification of the Pc(4380) and Pc(4450)
We collect the possible internal structures of the Pc(4380)
and Pc(4450) based on the masses as below
Pc(4380): ¯DΣ∗c [3/2−, 0.7−1.4], ¯DΣ∗c [3/2+, 2.8−5.0],
¯D∗Σc[3/2−, 3.0−3.7];
Pc(4450): ¯D∗Σc[5/2+, 2.7−2.8], ¯D∗Σc[5/2−, 2.75−2.85],
¯D∗Σ∗c[5/2+, 2−2.1].
The values in the bracket are spin-parity of the system and the
cut offs in the unit of GeV which produces the experimental
mass within uncertainties.
Empirically the pole far away from the threshold provides
much smaller contribution than the one near threshold. It can
be also seen from the form factor in Eq. (11) which suppresses
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Figure 3: The cut off Λ dependence of the mass M of the ¯D∗Σ∗c system with
different spin parities JP . The solid line and band are for the experimental mass
and the uncertainty of the Pc(4450). The dashed line is for the ¯D∗Σ∗c threshold.
The sign combination [± ± ±] is the same as in Fig. 1.
the contribution with two particles being off-shell. Hence, the
¯D∗Σc[3/2−] and ¯D∗Σ∗c[5/2+] are not preferred to interpret the
LHCb hidden-charmed states. The LHCb Collaboration stated
the best fit combination finds two Pc states with JP values of
3/2− and 5/2+ [16]. Hence, we can identify the Pc(4380) and
Pc(4450) as
Pc(4380) : ¯DΣ∗c[3/2−]; Pc(4450) : ¯D∗Σc[5/2+].
The cut off to produce the experimental mass of the Pc(4380)
is about 1 GeV. The positive parity state ¯DΣ∗c[3/2+] vanishes
at such cut off. The negative parity state ¯D∗Σc(5/2−) may also
contribute to the Pc(4450) due to the similar cut off. However,
the positive parity state is in P and F waves while the negative
parity state is in D and G waves so that the contribution from
the latter state will be suppressed.
4. Summary
The hidden-charm states Pc(4380) and Pc(4450) newly ob-
served at LHCb locate just below the ¯DΣ∗c and ¯D∗Σc thresholds,
which suggests that theses states are from the ¯DΣ∗c and ¯D∗Σc in-
teractions. The exchanges from pseudoscalar, vector and scalar
meson exchanges are included to describe the interactions of
the anti-charmed meson and charmed baryon. It is found that
the vector meson plays important roles in the interactions con-
sidered in this work. A Bethe-Saltpeter equation approach is
applied to find the bound state from the ¯DΣ∗c and ¯D∗Σc interac-
tions by searching the poles from the scattering amplitude. The
observed Pc(4380) and Pc(4450) can be identified as loosely
bound states, that is, hadronic molecular states, composed of
¯DΣ∗c and ¯D∗Σc with the spin parity JP = 3/2− and 5/2+, respec-
tively.
Acknowledgements
This project is supported by the Major State Basic Research
Development Program in China under Grant 2014CB845405
and the National Natural Science Foundation of China under
Grant 11275235.
References
[1] R. Dalitz, S. Tuan, The phenomenological description of
¯KN reaction processes, Annals Phys. 10 (1960) 307–351.
doi:10.1016/0003-4916(60)90001-4 .
[2] E. Oset, A. Ramos, Nonperturbative chiral approach to s wave ¯KN inter-
actions, Nucl.Phys. A635 (1998) 99–120. arXiv:nucl-th/9711022 ,
doi:10.1016/S0375-9474(98)00170-5 .
[3] D. Jido, T. Sekihara, Y. Ikeda, T. Hyodo, Y. Kanada-En’yo,
et al., The nature of Lambda(1405) hyperon resonance in chi-
ral dynamics, Nucl.Phys. A835 (2010) 59–66. arXiv:1003.4560,
doi:10.1016/j.nuclphysa.2010.01.175 .
[4] J. M. M. Hall, W. Kamleh, D. B. Leinweber, B. J. Menadue,
B. J. Owen, et al., The Lambda 1405 is an anti-kaon–nucleon
moleculearXiv:1411.3402 .
[5] T. Nakano, et al., Evidence for a narrow S = +1 baryon resonance in
photoproduction from the neutron, Phys. Rev. Lett. 91 (2003) 012002.
arXiv:hep-ex/0301020 , doi:10.1103/PhysRevLett.91.012002 .
[6] B. S. Zou, D. O. Riska, The s anti-s component of the proton and
the strangeness magnetic moment, Phys. Rev. Lett. 95 (2005) 072001.
arXiv:hep-ph/0502225 , doi:10.1103/PhysRevLett.95.072001 .
[7] J.-J. Wu, R. Molina, E. Oset, B. S. Zou, Prediction of nar-
row N∗ and Λ∗ resonances with hidden charm above 4 GeV,
Phys. Rev. Lett. 105 (2010) 232001. arXiv:1007.0573,
doi:10.1103/PhysRevLett.105.232001 .
[8] S. Yuan, K. Wei, J. He, H. Xu, B. Zou, Study of qqqcc¯ five quark system
with three kinds of quark-quark hyperfine interaction, Eur.Phys.J. A48
(2012) 61. arXiv:1201.0807, doi:10.1140/epja/i2012-12061-2 .
[9] J.-J. Wu, Z. Ouyang, B. Zou, Proposal for Studying N* Resonances with
anti-p p —&gt; anti-p n pi+ Reaction, Phys.Rev. C80 (2009) 045211.
arXiv:0902.2295, doi:10.1103/PhysRevC.80.045211 .
[10] Y. Huang, J. He, H.-F. Zhang, X.-R. Chen, Discovery po-
tential of hidden charm baryon resonances via photoproduc-
tion, J.Phys. G41 (11) (2014) 115004. arXiv:1305.4434,
doi:10.1088/0954-3899/41/11/115004 .
[11] S. Yasui, K. Sudoh, Exotic nuclei with open heavy flavor
mesons, Phys. Rev. D80 (2009) 034008. arXiv:0906.1452,
doi:10.1103/PhysRevD.80.034008 .
[12] J. He, Y.-T. Ye, Z.-F. Sun, X. Liu, The observed charmed hadron
Λc(2940)+ and the D∗N interaction, Phys.Rev. D82 (2010) 114029.
arXiv:1008.1500, doi:10.1103/PhysRevD.82.114029 .
[13] J. He, D.-Y. Chen, X. Liu, New Structure Around 3250
MeV in the Baryonic B Decay and the D∗0(2400)N Molecu-
lar Hadron, Eur.Phys.J. C72 (2012) 2121. arXiv:1204.6390,
doi:10.1140/epjc/s10052-012-2121-z .
[14] Y. Yamaguchi, S. Ohkoda, S. Yasui, A. Hosaka, Exotic baryons
from a heavy meson and a nucleon – Negative parity states
–, Phys. Rev. D84 (2011) 014032. arXiv:1105.0734,
doi:10.1103/PhysRevD.84.014032 .
[15] Z.-C. Yang, Z.-F. Sun, J. He, X. Liu, S.-L. Zhu, The possible
hidden-charm molecular baryons composed of anti-charmed meson and
charmed baryon, Chin.Phys. C36 (2012) 6–13. arXiv:1105.2901,
doi:10.1088/1674-1137/36/1/002 .
[16] R. Aaij, et. al. (LHCb Collaboration), Observation of J/ψp res-
onances consistent with pentaquark states in Λ0b → J/ψK− p de-
caysarXiv:1507.03414 .
[17] H.-X. Chen, W. Chen, X. Liu, T. G. Steele, S.-L. Zhu, Towards exotic
hidden-charm pentaquarks in QCDarXiv:1507.03717.
[18] R. Chen, X. Liu, X.-Q. Li, S.-L. Zhu, A new page for hadron physics:
Identifying exotic hidden-charm pentaquarksarXiv:1507.03704 .
[19] L. Roca, J. Nieves, E. Oset, The LHCb pentaquark as a ¯D∗Σc − ¯D∗Σ∗c
molecular statearXiv:1507.04249 .
5
[20] J. He, The Zc(3900) as a resonance from the D ¯D∗ interac-
tion, Phys. Rev. D92 (3) (2015) 034004. arXiv:1505.05379,
doi:10.1103/PhysRevD.92.034004 .
[21] J. He, Study of the B ¯B∗/D ¯D∗ bound states in a Bethe-Salpeter ap-
proach, Phys.Rev. D90 (7) (2014) 076008. arXiv:1409.8506,
doi:10.1103/PhysRevD.90.076008 .
[22] H.-Y. Cheng, C.-Y. Cheung, G.-L. Lin, Y. C. Lin, T.-M. Yan, H.-
L. Yu, Chiral Lagrangians for radiative decays of heavy hadrons,
Phys. Rev. D47 (1993) 1030–1042. arXiv:hep-ph/9209262 ,
doi:10.1103/PhysRevD.47.1030 .
[23] T.-M. Yan, H.-Y. Cheng, C.-Y. Cheung, G.-L. Lin, Y. Lin, et al., Heavy
quark symmetry and chiral dynamics, Phys.Rev. D46 (1992) 1148–1164.
doi:10.1103/PhysRevD.46.1148,10.1103/PhysRevD.55.5851 .
[24] M. B. Wise, Chiral perturbation theory for hadrons con-
taining a heavy quark, Phys. Rev. D45 (1992) 2188–2191.
doi:10.1103/PhysRevD.45.R2188 .
[25] R. Casalbuoni, A. Deandrea, N. Di Bartolomeo, R. Gatto, F. Fer-
uglio, et al., Phenomenology of heavy meson chiral Lagrangians,
Phys.Rept. 281 (1997) 145–238. arXiv:hep-ph/9605342 ,
doi:10.1016/S0370-1573(96)00027-0 .
[26] Y.-R. Liu, M. Oka, ΛcN bound states revisited, Phys.Rev. D85 (2012)
014015. arXiv:1103.4624, doi:10.1103/PhysRevD.85.014015 .
[27] A. F. Falk, M. E. Luke, Strong decays of excited heavy mesons
in chiral perturbation theory, Phys.Lett. B292 (1992) 119–127.
arXiv:hep-ph/9206241, doi:10.1016/0370-2693(92)90618-E .
[28] C. Isola, M. Ladisa, G. Nardulli, P. Santorelli, Charming penguins
in B → K∗π, K(ρ,ω, φ) decays, Phys.Rev. D68 (2003) 114001.
arXiv:hep-ph/0307367, doi:10.1103/PhysRevD.68.114001 .
[29] H. Nagahiro, L. Roca, A. Hosaka, E. Oset, Hidden gauge formalism
for the radiative decays of axial-vector mesons, Phys. Rev. D79 (2009)
014015. arXiv:0809.0943, doi:10.1103/PhysRevD.79.014015 .
6
